Abstract. A change in the calculation of the albedo for the boreal forests in the presence of snow in the European Centre for Medium-Range Weather Forecasts (ECMWF) model, which reduces the deep snow albedo from 0.8 to 0.2, greatly reduces the model systematic cold temperature bias both at the surface and in the lower troposphere at high northern latitudes in the spring.
Revised Snow Albedo Scheme
The new snow albedo scheme is simpler than the old one, because it was recognized that the current ECMWF forecast model does not have a field for vegetation type, and the single roughness field includes the effect of orography. However, the forest areas can be identified in the model based on their snow-free background albedo (which is a fixed model field, taken from the climatology of Domtan and Sellers [1989] To summarize, the old model albedo over snow-covered areas was ineffective in its way of distinguishing forest from nonforest areas, since beyond a relatively small snow depth, the albedo is of the order of 0.7-0.8. The new simple treatment for snow albedo, described above, distinguishes the albedo over forests from the albedo over lower vegetation. The forested areas, defined as areas of small background albedo, have a final model deep snow albedo of 0.2, while over the nonforested areas, the corresponding limit is 0.7.
Operational Model Cycles
There are three model versions relevant to this paper. The operational model in winter and spring of 1996 was cycle 14R3, and our ensembles of forecasts are initialized with these operational analyses. As well as the forest albedo error, 14R3 had a substantial cold winter temperature bias. This was corrected in cycle 15R5 [ Viterbo et al., 1999] , which introduced soil freezing and changes to the stable boundary layer, as well as increased the coupling between soil and atmosphere. Cycle 15R5 became operational in September 1996, and it is used as the control forecast model for our ensembles, as it contains the old albedo scheme. The model cycle 15R6 contains, in addition, the modifications to the snow albedo discussed in section 2.2: it became the operational model in December 1996, following the set of experiments described here.
Impact of Albedo Change on Forecasts
The impact on forecasts is largest in the spring period, when snow lies on the ground and the incoming solar radiation is large. This section describes the results from a set of forty 10-day The control forecasts in the whole ensemble were 15R5, starting from the (cold) operational soil temperatures, given by the 14R3 analysis. Although 15R5 includes soil water freezing and changes to the stable layer parameterization, the effect of these changes is small in these short-term forecasts. Consequently, although the new snow albedo reduces the cold bias, it is not completely removed.
Impact of Soil Temperature Error
To assess separately the impact of the cold soil temperature error in the analysis, we ran three forecasts with the initial date April 1, 1996, with the results summarized in Table 2 . Cycle 14R3 is the operational forecast, and forecasts were initialized with the 14R3 operational analysis at 1200 UTC. The forecasts correspond to 1200 UTC over Europe and Asia, and 1800 UTC over North America.
In the development of 15R5 a long "soil temperature assimilation" run was made [Viterbo et al., 1999] for the full winter of 1996 to obtain corrected soil temperatures. We inserted these soil temperatures into the analysis for April 1, 1996, and made the other two forecasts in Table 2 , one labeled 15R5 (Tso , corrected) and the third one, with the snow modifications, 15R6 (Tso, corrected). Results in the table are an illustration of the true separate impact in short-term forecasts of the snow albedo changes between cycle 15R5 and 15R6. In both bias and standard deviation, there is a gradual improvement from 14R3 to 15R6, so that with the new snow albedo, the systematic cold bias has been removed. It is worth noting that the cycle 15R5 modifications to the physics (frozen soil and stable boundary layer) have their maximum impact in winter, when the solar forcing is small, while the albedo modifications described here have their largest impact in the spring season. Scatterplots of forecasts for days 1, 3, 5, and 7 for all northern hemisphere continental areas display improvement in almost every forecast (not shown).
Improvement of Mean Thermal State in Long Integrations
An ensemble of nine members of 120-day forecasts at resolution T63L31 was run with initial dates between January 30 and February The new snow formulation was included in cycle 15R6, which became operational in December 1996. Plate 1 compares (with the same color contours) the average March-April 850 mbar 5-day forecast temperature errors in the operational model for 1996 and 1997. At high northern latitudes the cold bias in spring 1996 at 850 mbar grows rapidly (within a few days), and at 5 days, it is as large as -6 K over eastern Russia. There was also a positive temperature bias over China. In spring 1997, with the new snow albedo scheme, the cold bias over the boreal forests has been almost eliminated, although a residual cold bias can now be seen near 40øN over Asia. These operational forecasts are for two different years, but it is clear that the change to the snow albedo scheme for the boreal forests has greatly reduced the model systematic temperature error in spring in the northern hemisphere. 
Appendix: Two Model Albedo Schemes
In the operational model prior to December 1996, the snow albedo was derived from a fairly complex series of computations, involving background albedo, snow depth, roughness length, vegetation fraction, surface temperature, and interception reservoir contents. Although such a scheme has, in principle, a sound conceptual basis, the model lacks key parameter fields: it does not have a vegetation map, nor a separate vegetation roughness length (the roughness length for momentum includes an orographic component, which is unrelated to vegetation masking). When the intermediate results of this computation were carefully checked in typical winter and spring situations, it was clear that the end result was unsatisfactory. First an estimate of the fraction of the vegetation covered by snow was made, based on the roughness length for momentum. However, over the boreal forest the implicit masking of snow by vegetation (in the model) is small. An effective snow covered-fraction of the grid box is also calculated, based on the snow water equivalent depth, but in winter for the boreal forest, this value in the model is very rarely different from 1. The albedo of the snow part of the grid box increases from a minimum of 0.4 at soil temperatures of 0øC to a maximum of 0.8 below -5øC. Given the large cold bias in the model (before the 1996-1997 winter), this value is most of the time around 0.8. A first estimate of the grid box albedo is made by combining the background albedo with the snow albedo, based on the effective fraction defined above. Finally, this estimate can be further increased in the presence of ice dew, which brings the albedo up to 0.8 in some areas that were still below this value. The end result of all the above computations is an albedo in the presence of snow that is rarely outside of the 0.7-0.8 range, as shown earlier in Figure 3(bottom) .
In the new scheme, an albedo for the snow-covered part of the grid box, c•S (defined by equation (1) 
